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Study objective: Assisted ventilation may adversely affect out-of-hospital cardiac arrest outcomes. Passive
ventilation offers an alternate method of oxygen delivery for these patients. We compare the adjusted
neurologically intact survival of out-of-hospital cardiac arrest patients receiving initial passive ventilation with
those receiving initial bag-valve-mask ventilation.

Methods: The authors performed a retrospective analysis of statewide out-of-hospital cardiac arrests between
January 1, 2005, and September 28, 2008. The analysis included consecutive adult out-of-hospital cardiac arrest
patients receiving resuscitation with minimally interrupted cardiopulmonary resuscitation (CPR) consisting of
uninterrupted preshock and postshock chest compressions, initial noninvasive airway maneuvers, and early
epinephrine. Paramedics selected the method of initial noninvasive ventilation, consisting of either passive ventilation
(oropharyngeal airway insertion and high-flow oxygen by nonrebreather facemask, without assisted ventilation) or bag-
valve-mask ventilation (by paramedics at 8 breaths/min). The authors determined adjusted neurologically intact
survival from hospital and public records and by telephone interview and mail questionnaire. The authors compared
adjusted neurologically intact survival between ventilation techniques by using generalized estimating equations.

Results: Among the 1,019 adult out-of-hospital cardiac arrest patients in the analysis, 459 received passive
ventilation and 560 received bag-valve-mask ventilation. Adjusted neurologically intact survival after withessed
ventricular fibrillation/ventricular tachycardia out-of-hospital cardiac arrest was higher for passive ventilation (39/102;
38.2%) than bag-valve-mask ventilation (31/120; 25.8%) (adjusted odds ratio [OR] 2.5; 95% confidence interval [Cl]
1.3 to 4.6). Survival between passive ventilation and bag-valve-mask ventilation was similar after unwitnessed
ventricular fibrillation/ventricular tachycardia (7.3% versus 13.8%; adjusted OR 0.5; 95% Cl 0.2 to 1.6) and
nonshockable rhythms (1.3% versus 3.7%; adjusted OR 0.3; 95% CI 0.1 to 1.0).

Conclusion: Among adult, witnessed, ventricular fibrillation/ventricular tachycardia, out-of-hospital cardiac arrest
resuscitated with minimally interrupted cardiac resuscitation, adjusted neurologically intact survival to hospital
discharge was higher for individuals receiving initial passive ventilation than those receiving initial bag-valve-
mask ventilation. [Ann Emerg Med. 2009;54:656-662.]
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INTRODUCTION
Background

Out-of-hospital cardiac arrest is a leading cause of death in
the United States, with estimates ranging from 166,000 to
310,000 events per year.'> Long-term survival is typically less

than 10%, but recent studies have shown that new emergency
medical services (EMS) protocols can substantially improve
survival for adult out-of-hospital cardiac arrest victims.>”
New approaches to resuscitation emphasize chest

compression continuity at the earliest stages of resuscitation. To
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Editor’s Capsule Summary

What is already known on this ropic

When treating out-of-hospital cardiac arrest,
rescuers may provide initial bag-valve-mask
ventilation. A newer approach involves initial
passive ventilation with a non-rebreather mask only,
without active ventilation.

What question this study addressed

This retrospective analysis of a statewide EMS
database, restricted to patients provided care under a
minimally interrupted cardiac resuscitation
protocol, compared survival in 560 patients who
received bag-valve-mask ventilation and 459 who
received passive ventilation.

What this study adds to our knowledge

Compared with bag-valve-mask ventilation, initial
passive ventilation doubled survival from witnessed,
ventricular fibrillation out-of-hospital cardiac arrest,
though no benefit was seen in those with non-

shockable rhythms.

How this might change clinical practice

Initial passive ventilation may provide a viable out-
of-hospital cardiac arrest treatment alternative and
warrants validation with a randomized controlled
trial.

achieve this goal, the latest protocols defer advanced airway
interventions such as endotracheal intubation, substituting
basic-level airway measures. One example was reported in a
rural Wisconsin EMS system using cardiocerebral resuscitation,
a strategy consisting of continuous chest compressions
accompanied by initial passive ventilation only by nonrebreather
mask.®” In Arizona, we implemented a similar minimally
interrupted cardiopulmonary resuscitation (CPR) protocol
emphasizing continuous chest compressions with minimal
interruptions, initial basic airway management, single
defibrillation attempts, early epinephrine administration, and
delayed endotracheal intubation.* Under minimally interrupted
cardiac resuscitation, paramedics in Arizona provide initial
airway management with passive ventilation or standard bag-
valve-mask ventilation.

Importance

Previous studies have linked assisted positive-pressure
ventilation to impaired CPR coronary circulation and worsened
patient neurologically intact survival.® Aufderheide et al” also
showed that excessive ventilation is common during out-of-
hospital cardiac arrest resuscitation. Passive ventilation offers a

simpler approach to CPR oxygen delivery without positive
pressure application. However, the relative merits of passive
ventilation and bag-valve-mask ventilation remain unknown.

Goals of This Investigation

In this study, we compared outcomes of out-of-hospital
cardiac arrest patients receiving minimally interrupted cardiac
resuscitation with initial passive ventilation with those receiving
minimally interrupted cardiac resuscitation with initial bag-
valve-mask ventilation.

MATERIALS AND METHODS
Setting and Selection of Participants

The state of Arizona encompasses 113,635 square miles and
15 counties. According to the 2006 census estimate, Arizona
had a population of 6.2 million, yielding 45 persons per square
mile. There were 3.1 million (50%) female residents and 3.1
million (50%) male residents. The median age was 34.6 years.
Twenty-six percent of the population was younger than 18 years
and 13% was older than 65 years. The median income of
households in Arizona was $47,265. For people reporting one
race alone, 77% were white, 4.5% were American Indian or
Alaska Native, 3% were black, 2% were Asian, less than 0.5%
were Native Hawaiian or Pacific Islander, and 10% described
themselves as another race. Twenty-nine percent reported their
ethnicity as Hispanic or Latino."’

In 2004, the Arizona Bureau of Emergency Medical Services
and Trauma System established the Save Hearts in Arizona
Registry and Education (SHARE) program as a means to
address the public health problem of out-of-hospital cardiac
arrest. The statewide SHARE program collects data from
multiple EMS systems in urban, suburban, and rural settings, as
previously described.*!!

Because out-of-hospital cardiac arrest has been designated a
public health issue in Arizona and the goal of the SHARE
program is quality improvement, the data collected were exempt
from the Health Insurance Portability and Accountability Act.
Permission to publish deidentified SHARE program data was
obtained from the Arizona Department of Health Services
Human Subjects Review Committee, as well as the University
of Arizona Institutional Review Board.

Data Collection and Processing

The SHARE program collects Utstein-style information on
patient demographics, event circumstances, response intervals,
presenting rhythm, bystander CPR, treatment and procedures,
and initial outcomes from EMS incident reports for 60 EMS
agencies currently covering approximately 80% of the state
population."" Final outcomes are obtained through local
hospitals and the Office of Vital Statistics at the Arizona
Department of Health Services. Data collection for this report
was begun on January 1, 2005, and ended September 28, 2008.

Cardiac arrest was defined as the absence of cardiac
mechanical activity, determined by the absence of a pulse and
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the lack of normal breathing. All adults (age >18 years) with
out-of-hospital cardiac arrest for whom resuscitation was
initiated were included.

Cardiac arrest thythms documented by EMS providers
included the nonshockable rhythms of asystole and pulseless
electrical activity and the shockable rhythms of ventricular
fibrillation and pulseless ventricular tachycardia. Victims with
obvious signs of death (eg, rigor mortis, lividity) or do not
resuscitate documentation on EMS arrival were excluded
because resuscitation efforts were not initiated per standard
protocol. Other exclusion criteria were aged younger than 18
years, cardiac arrest in adults witnessed by EMS personnel, and
cardiac arrest as a result of trauma, drowning, or other suspected
noncardiac causes.

Interventions

We introduced the minimally interrupted cardiac
resuscitation protocol to EMS systems in Arizona in January
2005. Twenty-five of the 60 fire departments submitting out-of-
hospital cardiac arrest data to the SHARE program
independently self-selected to use the minimally interrupted
cardiac resuscitation protocol for their treatment of out-of-
hospital cardiac arrest. The minimally interrupted cardiac
resuscitation protocol consisted of (1) 200 uninterrupted
preshock chest compressions; (2) 200 uninterrupted postshock
chest compressions before pulse check or rhythm analysis; (3)
delayed endotracheal intubation for 3 cycles of 200
compressions and rhythm analysis; and (4) attempted
intravenous or intraosseous epinephrine before or during the
second cycle of chest compressions. Paramedics self-reported
compliance by documenting all 4 of these minimally
interrupted cardiac resuscitation elements. The description of
the EMS protocol, reports of its effectiveness, and criteria for
minimally interrupted cardiac resuscitation compliance have
been previously published.*

Although the original design for minimally interrupted
cardiac resuscitation called for passive ventilation to avoid
excessive ventilation, at the earliest stages of implementation
EMS personnel were reluctant to use this strategy. Therefore,
we permitted performance of basic airway management with
passive ventilation or bag-valve-mask ventilation at the
paramedics’ discretion. Paramedics performed passive
ventilation or bag-valve-mask ventilation during the initial 3
cycles of 200 chest compressions. After this point, if indicated,
paramedics performed endotracheal intubation with positive-
pressure ventilation for the remainder of the resuscitation.

Data elements included in the enhanced Utstein-style
database were manually extracted case by case by the SHARE
program research and quality improvement director. After
review of EMS documentation, only cases that met all 4 of the
above criteria were included in this investigation.

We previously reported a comparison of patients receiving
minimally interrupted cardiac resuscitation with those receiving
standard treatment, encompassing a total of 3,508 patients
between January 1, 2005, and November 22, 2007. This

current report uses an overlapping period with 5,097 total
arrests extending the database analysis until September 28,
2008. This report also focuses exclusively on the subset of
patients receiving minimally interrupted cardiac resuscitation.*

Outcome Measures

The primary outcome measure was neurologically intact
survival to hospital discharge, determined by review of hospital
records. We defined neurologically intact survival as discharge to
home or rehabilitation facility. We defined non-neurologically
intact survival as discharge to nursing or long-term care facility
or death. Secondary outcome measures were return of
spontaneous circulation, survival to hospital admission, and
survival to discharge with a favorable neurologic outcome as
measured by the Cerebral Performance Category (CPC) scale.'?

We assessed neurologic outcome with mail and telephone
survey versions of the Cerebral Performance Score. This
approach has been previously described and validated."?
Survivors were contacted by mail and asked whether they were
willing to participate in a telephone interview or complete a
questionnaire. Survivors had the option of refusing to
participate. Answers to questions given during the telephone
interview or on the written questionnaire were used to
determine CPC scores. CPC scores ranged from 1 (good
cerebral performance) to 4 (coma or vegetative state).'?
Favorable neurologic outcome was defined as a CPC score of 1
or 2, and unfavorable neurologic outcome was defined as a CPC
score of 3 or 4.

Because the decision to provide passive ventilation versus
bag-valve-mask ventilation generally occurred before the first
rhythm analysis, we chose to compare outcomes among all
patients meeting inclusion criteria. However, we chose a priori
to specifically analyze the subgroup with witnessed ventricular
fibrillation/ventricular tachycardia arrest.

We used Microsoft Access for Windows (Microsoft Office;
Microsoft Corp, Redmond, WA) for database management and
SAS version 9.1.3 (SAS Institute, Inc., Cary, NC) for statistical
analysis.

We evaluated the association between adjusted neurologically
intact survival and ventilation technique by using generalized
estimating equations with a logit link function and
exchangeable correlation structure to account for clustering
within EMS agency. Models were adjusted for age (years),
bystander CPR (yes versus no), initial rhythm (shockable versus
nonshockable), location of cardiac arrest (home versus public/
medical facility), sex (female versus male), bystander-witnessed
arrest (yes versus no), and EMS response time (depart station to
arrival on scene, minutes). Odds ratios (ORs) for adjusted
neurologically intact survival and 95% confidence intervals
(CIs) were determined. Where available for survivors, we
compared CPC scores by using univariable ORs with exact Cls.

RESULTS
Reports of 5,097 total EMS-attended out-of-hospital cardiac
arrests were documented in the Arizona statewide Utstein-style
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Total Arrests
n= 5,097
216 excluded
B 215 Age< I8 years
I Unknown
Y
4,881 Adults 1,317 Excluded

1,065 Trauma/drowning/
respiratory /unknown

39 Outcome unknown

213 Arrest after EMS

arrival

L
3,564 Total cases
included 2,545 Excluded
2,525 Routine ALS

» 5 Existing tracheostomy
15 Missing ventilation method

| 1019 MICR included in analysis |

[
560
initial BVM

*Alive =53 |

459
initial PV

*Alive =46 |

*Dead=413 |

*Dead =507 ‘

Figure. Patient enrollment and outcome. ALS, Advanced
Life Support; BVM, bag-valve-mask ventilation; EMS,
Emergency Medical Services; MICR, Minimally interrupted
cardiac resuscitation; PV, passive ventilation. *based on
survival to hospital discharge.

EMS database from January 1, 2005, to September 28, 2008.
For this analysis, we included the 1,019 cases receiving
minimally interrupted cardiac resuscitation (Figure). Of these
1,019 arrests, 459 patients received passive ventilation and 560
received bag-valve-mask ventilation. There were no differences
in age, sex, location of arrests, bystander CPR, witnessed arrests,
first documented ventricular fibrillation/ventricular tachycardia
thythm, and EMS dispatch-to-arrival interval (Table 1).

Overall adjusted neurologically intact survival to hospital
discharge was similar between passive ventilation and bag-valve-
mask ventilation (adjusted OR 1.2; 95% CI 0.8 to 1.9) (Table
2). In the witnessed ventricular fibrillation/ventricular
tachycardia subset, adjusted neurologically intact survival to
discharge was higher for passive ventilation (39/102; 38.2%)
than bag-valve-mask ventilation (31/120; 25.8%) (adjusted OR
2.5; 95% CI 1.3 to 4.6). Among unwitnessed ventricular
fibrillation/ventricular tachycardia patients, survival to discharge
was similar between passive ventilation and bag-valve-mask
ventilation (adjusted OR 0.5; 95% CI 0.2 to 1.6). Among
patients with nonshockable rhythms, survival to discharge was
similar between passive ventilation and bag-valve-mask
ventilation (adjusted OR 0.3; 95% CI 0.1 to 1.0). (Full
regression models available in Table E1, available online at
http://www.annemergmed.com.)

Of the 99 survivors, CPC score was available from 60
survivors. CPC was 1 or 2 for 32 of 33 (97%) bag-valve-mask
ventilation survivors and 26 of 27 (96%) passive ventilation
survivors. Neurologic outcomes were similar between passive
ventilation and bag-valve-mask ventilation survivors (exact OR

1.225 95% CI 0.02 t0 99.6).

LIMITATIONS

An important limitation of this observational study is that
the intervention was not tested in a randomized fashion. The
results of our study may be subject to self-selection bias.
Although we attempted to control for confounding variables, it
is possible that there were characteristics of the out-of-hospital
cardiac arrest victims or providers that led EMS personnel to
select a particular ventilation method.

Our findings are also limited by the lack of CPR process
data and our inability to accurately quantify and qualify the
chest compressions and ventilations. We do not know
whether the difference in survival was due to the different
ventilation techniques or the possible indirect effect of CPR
quality between the 2 groups. In addition, it is possible that
the EMS providers who chose to use bag-valve-mask
ventilation hyperventilated their patients above the
recommended rate and tidal volume, thereby worsening
outcomes in that subgroup. EMS providers may have
preferentially chosen either ventilation technique after
becoming familiar with the protocol.

Our study evaluates only initial airway interventions and
does not evaluate the potential effect of later airway
management. Our study does not compare endotracheal
intubation with other airway techniques such as supraglottic
airway devices. Although our protocol indicated benefit from
early passive ventilation, we could not determine the potential
benefit of more prolonged passive ventilation or passive
ventilation provided during the entire resuscitation.

Finally, our study design does not control for postarrest care at
receiving hospitals. However, very few patients, if any, in either
group received guideline-based postarrest care during the study.

DISCUSSION

For decades, the advanced cardiac life support guidelines for
cardiac arrest have advocated positive-pressure ventilation,
traditionally delivered through bag-valve-mask ventilation or
endotracheal intubation.'® Yet Aufderheide et al’ suggest
adverse consequences from excessive positive-pressure
ventilation, including increased intrathoracic pressure and
decreased coronary perfusion pressure. Advanced airway
insertion efforts or bag-valve-mask ventilation may also disrupt
CPR chest compression continuity. Passive ventilation
theoretically avoids these unintended effects. However, few
studies have directly compared passive ventilation with bag-
valve-mask ventilation. Our findings suggest that among
witnessed ventricular fibrillation/ventricular tachycardia out-of-
hospital cardiac arrest patients receiving minimally interrupted
cardiac resuscitation, patients treated with passive ventilation
were more likely to survive to hospital discharge than those
treated with bag-valve-mask ventilation. The 38.2%
neurologically intact survival to hospital discharge for patients
with witnessed ventricular fibrillation/ventricular tachycardia
arrest is comparable to the 39% neurologic intact survival
reported by Kellum et al® for ventricular fibrillation/ventricular
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Table 1. Demographics of study participants and event characteristics by ventilation method.

Characteristics (N=1,019) PV (n=459) BVM (n=560) OR (95% CI)
Age, y, mean (SD) 66.6 (14.5) 64.8 (16.0) 1.0 (1.0-1.01)
Male 313/459 (68.2) 377/560 (67.3) 1.0(0.8-1.4)
Location
Home 323/459 (70.4) 393/560 (70.2) 1.00
Public place 73/459 (15.9) 76/560 (13.6) 0.8 (0.6-1.2)
Medical facility 63/459 (13.7) 91/560 (16.3) 1.2 (0.8-1.7)
Witnessed % (No.) 200/459 (43.6) 252/560 (45.0) 0.9(0.7-1.2)
Bystander CPR performed 177/459 (38.6) 242/560 (43.2) 0.8(0.6-1.1)
Initial rhythm*
Shockable (ventricular fibrillation/ 143/459 (31.2) 178/560 (31.8) 1.00
ventricular tachycardia)
Nonshockable 316/459 (68.9) 381/560 (68.2) 1.0 (0.8-1.3)
EMS dispatch to arrival time, 5.0 (2.0) 5.0(2.0) 1.0 (0.9-1.0)

min, median (IQR)

IQR, Interquartile range.
*Missing data were excluded from analysis.

Table 2. Generalized estimating equation predicting overall adjusted neurologically intact survival from passive and bag-valve-

mask ventilation.

Outcomes PV (n=459), n/N (%)

BVM (n=560), n/N (%) Adjusted OR (95% CI)

ROSC 123/459 (26.8)

Adjusted neurologically intact 46/459 (10.0)
survival to hospital
discharge

Adjusted neurologically intact
survival with witnessed
VF/VT

39/102 (38.2)

Adjusted neurologically intact 3/41 (7.3)
survival with VF/VT, not
witnessed

Adjusted neurologically intact 4/316 (1.3)

survival with nonshockable
rhythm

169/560 (30.2) 0.8 (0.7-1.0)
53/560 (9.5) 1.2(0.8-1.9)
31/120 (25.8) 2.5 (1.3-4.6)

8/58 (13.8) 0.5 (0.2-1.6)
14/381 (3.7) 0.3(0.1-1.0)

ROSC, Return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular tachycardia.

tachycardia arrest using cardiocerebral resuscitation with passive
ventilation.

Several studies support the strategy of passive ventilation.
Steen et al'® and Hayes et al'® verified adequate oxygenation
and improved survival in swine out-of-hospital cardiac arrest
models with passive ventilation. Several previous studies have
demonstrated improved outcomes with bystander-administered
chest compression—only CPR without ventilations. An
observational study from the SOS-KANTO (Survey of
Survivors of Out-of-Hospital Cardiac Arrest in the Kanto
Region of Japan) Group in Japan examined 4,068 adult out-of-
hospital cardiac arrests and found that the provision of chest
compressions alone was associated with better survival than the
delivery of conventional CPR."” Using similar methodology of
another large cohort, Iwami et al'® found that bystander-
initiated cardiac-only resuscitation and conventional CPR were
similarly effective for most out-of-hospital cardiac arrests. Also,
laypersons may be more willing to provide CPR if mouth-to-

mouth breathing is not required.’”*° Our series expands on
these principles, suggesting clinical benefit with passive
ventilation as the initial ventilation technique.

The clinical application of our findings presents potential
challenges. Because we observed benefit for the witnessed
ventricular fibrillation/ventricular tachycardia only, some EMS
systems may choose to implement passive ventilation for ventricular
fibrillation/ventricular tachycardia patients only. However, the
clinical information initially available at an out-of-hospital cardiac
arrest (including cardiac rhythm) is often not immediately available.
The introduction of an additional interventional decision point
may introduce complexity and potential confusion. Therefore,
although our data suggest a passive ventilation benefit for witnessed
ventricular fibrillation/ventricular tachycardia out-of-hospital
cardiac arrest only, it may be operationally simpler to use initial
passive ventilation on all out-of-hospital cardiac arrest. Further
research is needed to identify the optimal method, rate, and
amount of ventilation for nonshockable rhythm and unwitnessed
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arrests. Our series evaluates initial ventilation strategy only. We do
not know whether the nonshockable group would have appreciated
benefit (or harm) if passive ventilation had been applied through
the entire resuscitation.

Although survival in the unwitnessed and nonshockable cardiac
arrest groups was higher for those receiving bag-valve-mask
ventilation, this did not reach statistical significance. However, with
a larger sample size, active ventilation may be the preferred airway
management strategy for these subgroups of cardiac arrest. A larger
series is needed to answer this question.

In Arizona, adult, witnessed ventricular fibrillation, out-of-
hospital cardiac arrest victims who received minimally interrupted
cardiac resuscitation with initial passive ventilation had higher
adjusted neurologically intact survival rates than those treated with
initial bag-valve-mask ventilation.
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CORRECTION NOTICE

In the August 2009 issue, in the article by Ruygrok et al (“Validation of 3 Termination of Resuscitation Criteria for
Good Neurologic Survival After Out-of-Hospital Cardiac Arrest,”; pages 239-247), the column headings in Table 4
were incorrect. They should have been “Yes,” “No,” and “Total.” We apologize for the error.
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Table E1. Generalized estimating equation predicting overall survival and survival among subgroups.

Survival Among

Survival Among
Patients With

Survival Among VF Not Nonshockable
ROSC Overall Survival VF Witnessed Witnessed Rhythm
Predictors (N=1,019) (N=1,019) (N=222) (N=99) (N=697)
OR (95% CI)

Ventilation method, PV 0.8 (0.7-1.0) 1.2 (0.8-1.9) 2.5(1.3-4.6) 0.5(0.2-1.6) 0.3(0.1-1.0)
(reference=BVM)

Bystander CPR, performed 1.0(0.8-1.3) 1.1 (0.8-1.5) 1.4 (1.0-2.0) 0.9 (0.3-2.8) 0.6 (0.3-1.3)
(reference, not
performed)

Initial rhythm, 0.4 (0.3-0.5) 0.1 (0.1-0.2) NA NA NA
nonshockable
(reference, shockable)

Sex, female (reference, 1.7 (1.4-2.0) 1.4 (0.9-2.0) 2.0(1.2-3.3) 0.7 (0.2-3.0) 0.9 (0.3-2.3)
male)

Witnessed (reference, not 3.5(2.6-4.8) 4.1 (2.9-5.9) NA NA 4.7 (2.2-10.2)
witnessed)

Age, 0.99(0.98-1.01) 0.97 (0.96-0.98) 0.96 (0.95-0.97) 0.97 (0.94-0.99) 0.99 (0.97-1.02)

EMS dispatch to arrival 0.9 (0.8-1.0) 0.9(0.7-1.1) 0.9(0.8-1.1) 0.7 (0.6-0.8) 0.9 (0.6-1.4)
time

Location, home 0.8 (0.7-1.1) 0.8 (0.5-1.4) 1.0 (0.6-1.6) 0.4 (0.1-1.0) 0.7 (0.2-2.5)

(reference, medical
facility/public place)
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